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(54) SWITCHING POWER SUPPLY 

(57)Abstract 

PROBLEM TO BE SOLVED: To reduce power 
consumption to improve efficiency of power supply under 
the light load condition by reducing a switching loss 
under the same condition. 

SOLUTION: A control circuit 18 comprises an error 
amplifier 22 for generating an error voltage signal VEAO 
consisting of an error between a power supply voltage 
Vc and the reference voltage, a current detecting circuit 
23 for outputting a detection signal VOL by detecting a 
drain current ID flowing into a switching element 1 2 and 
a drain current detection comparator 24 for outputting a 
comparison signal by comparing the error voltage signal 
VEAO and detection signal VOL Moreover, the control 
circuit 18 comprises a light load detection circuit 40 
which stops, when the error voltage signal VEAO is 
smaller than the lower limit voltage value, an output of 
the switching signal for the switching element 12 for a 
switching signal control circuit 25 and starts, when the 
error voltage signal VEAO is larger than the upper limit 
voltage value, an output of the switching signal for the switching signal control circuit 25. 
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fl)fi«EaE*l»^ 1 ©if «Efl8E©lfi**ffi J: ») fc'hSu* 

2 ©dsfctsffi l t ttj tt t * *E*ttf-a t , 

iViSSB 2 ©ifiifc^waiEfifift&tBU J&H1 LfcfftWfS 

n ft mmm^miz mm-r&in * j*E*ftW4M& t , 

- ?J©i§*!b# iw ffiMJ h 76SSM B4" ; S© iJi fcfll fc fttt * 

£ ii, iw IB$J0 ^a«>*»«E ft 3£fi£ T * «»«E4l fi& 
f-Sfcftii*, 

ttflJSB&MSB W U T buIB* -f * f - > V&ttWi ft H 
5gr 5 iSf&tBgB ft # U T H S 3 1 ft ttflk i: 1" 4 * 

[»#JS2] AAJSI^tJBlOBWWEftWtS^'f 
2 ©iSSSmE C*»UTHWj1"* nE.£Mm& t > 

fii3^2©iiSiimE©mEfiift^tHb, ttatfcttm® 

u r tts a t * mmmm^ t , 
&ws% ft r s m«t&wi!K i: , 

Hu!B^MmE<f^i:B5i3^m(I^tftltiKU, Jt&Lfc 

tb«M#ftttl*f SttKSi:, 
mIBtbgtff^tcS^^THliiB^-1' ^^{^©mSfcfi 
SU c tb*ftS | J®t5^'f -y^>^f ^ttWiai&i:, 
BfilBPMSEM^^TISSEfilJ: i> *>/h3n»£K:ttlJil 

^^©SuIB^'f ^^{^©tBftftffltU rniBM 
M®E®^#±IK£E{!«k t) t)^:§v^li^tttB^jfB^'^ , 
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&t)&mt&tzmnffitktii®&£ ft t urn* c t ft^ 
[ti*ifl3] BtiiBSi^^^aiifiiKtt, 
^■r- >j ^^^fttftw l-c^-sc i: &®m.tTz%mm 2 

J± f i IB . Ji l®mE © HE ft nf C 89Se "T 4 ^ Hi ffl£ *I ^ ^ © 

ft w u t ^ & z t ft^m k r z> rnxrn 2 1 ibie©^ 4 v 

[gg5j?xM5 3 n*eiH]fW®i8©-S^«&l±, miSB^ •< *v 
f - > ^-?©tli i: RWfllT- ft 0 > 

sti iBfu«jmi [hj ss «± . HueB* -f >y y ^mm^-t 7tf.m<ni% 

-grtc, H!iiB^2©ifiiSSEft«iai-r5Ci:ft#^[i:TS 

c»*« 7 ] mmm 2 ®it8K«E©sttttm»t"e* 
it scfcft#®i:-r5i»*^2ti3«©^i' v3-y7m,m 

[If** 8 ] bUIB^ 1 fflit»«EfflflttSJS 1 0 0 V 
W±T-ftt)> sliiaS2©iI8iiSE©<fittl5{S2 5VWT 

mi&zj yf-yrm^axtiWi-ELVtiitim*, 

TSlS**2~8©-5*)©^-rtiA > l*tlBffi©^i' v 
[0 0 0 1] 

[0 0 0 2] 

i» [f^*©tt«3 H6tt«R|Jpl 0- 1 9 1 6 2 5^* 

HHB^^tit^see*©^^ <v^>^j®^g©iaKSi 
fiKft*u■cv^?.. secc^-rt**©^^ f ^yvnMB. 
S(±, ±x^js^ 1 0 1 izwt^miEm^mmnE 

ftNMMOSFET^e^S^^" Tyf->^**1 0 2R 
Xin.fL'mM^l 0 3t i!)m^©mE(t{C$T-^Tt 
TitU^iS? 1 0 4 ttli^-rS^ES^a 9*tt<DZ. 

4 vT-yvnffi&m.xS)** 
[ooo3] v?-y>rm.WM.w\z* *4*j*yvn 

? 1 0 2©V-^iltli*mE^ttJlHlKl 0 5©ffi^ffi!)il 
5o 0|Ht3feJUC»«fc$nfcW»lHlKffl««3 >^>+M 0 
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[0 0 0 4] WT, iju§S©et?KffiG!<;£ftfc24 
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2 4 y f - > ^fga&tSS IS© tz *> It £ ?8SftiiE $L& & 

[0 0 0 5] *1\ SWSPIslBl 0 7#jg©rf53:T-©[$ 

fcfc, l^tO^^o y ? i 0 8 tt^ibfflS® «^io 
9 £IHfll§l(8flJ<IB:3 1 0 6 

[0 0 0 6] iA*?4ffi?l 0 1 (cAft®EVin# 

EPjijD^ftsiis mmmfm-rv *> >? 1 o 9*»e.mii«j# 

7d s> £ 1 0 8 bTfHWBIIiMiBs >7-'>it 1 0 

ecfcsfePftfu sj»@bsi o 7©m?®mEVci) s ±# 

r*. ^©SjSSEVcCfil^fflffllllS&l 0 7©£ISm 
E*W±£fcS^ ffiffEH&l 0 7#i>tffS. C©i: 
*, StB*JS?l 0 4£WflO£ft2>fcB£SEVoliO V 

[0007] mhhb& i o 7 #iMf ftPSJa-r s urn 

HJggl 0 7 fcHfiRI- 6=fc*&*lH]» 1 1 0 £ <fc D 
£ftfcH£&** U 7<if-€Ei:, f&MiES 1 0 7 ©m 
ffi£EVcfc»ffi#$JbfcSEfc#lte81 l lCio 

-ctfc^sfts. 

[0 0 0 8] Jt«Sl 1 ia»e>ffi#£ft£l±®{f^#P 
WM (JW2tt£ll) JVi/*£&®Vi 1 1 2CAft£ 
ft, *©<gH, B7C5*"nWMI*Vg#^-f 

0 2©$tJ®iS?tcEPi)D$ft5o £©fHffiHg^Vg 

Cet^T°Jgi:fcSo {&Jffl){§^Vg#3t->©imc24 » 

o i#*y#MZ.ti.\), 24 vf-ytrwfr 

1 0 2£«tft£ H 1/ 4>€lfc I P #SE£»@B& 1 0 3 
©3 4M:flitft&tro 

[0 0 0 9] ^tC, v^y-rm^l 0 2ifiM®®& 

i o 7o«i»fli^vgt ^^T^^ttiBtia^fak, 

®Eg&E]i&l 0 3©y4sr- KftiioT, 34;i/£S 

;;t', itB^iS^i o 4©ffi£«E#±#b-t, 

mWE& 1 0 7 ©g®SE V c , €E^1SS 1 0 3 CD 
^4 *-K©JR*fil«EVf > tB^mE^ailil^ 1 0 5 
©^4 3f— H<D*[3SlqI«EV f &m&timE®tii®& 1 
0 ^4 tf-K©P$tf®EVz©#SEft© 

£ft (Vc+Vf -Vf +Vz=Vc+Vz) 
£<&Sfc, 24 1 0 2#*7ttJB©IB 

t, 0 4©;n4 i/^MR^i&^Jb^tB*;^ 

E&tHBSS 1 0 5 ©*"4 *- KStf ^ *- K 

^3io-C$iJSIlHlKffl^3S3>7 ; >-9' 1 0 6 tcfOTSifi I 
c#tiitft&#, flJSPIIESl 0 7 £tB2>mEVo©{ii#7 
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[0 0 10] KC, =ft»£fifcpaBl 1 0{ict?}4B£$ 
ftfcH^jjgt^ + U 7{3^mE t , *«SftE V c %mv?t 
a!lLt«Ei:*]t«»l 1 lfJt«LT, loffllft 

1 0 2W^>fa-T^ *JpWM7^U^tBRlHlBil 1 2 

i. -c9is£$ft, dfttitJ^'f *?yvt&\ o 2tnn 

[0 0 11] z<D£?ii, ftJltcnzJ v?>rmWMW 

ii, 24 v^yy^ i o 2©7 : i-7 L ^ tb^, ttsftfli 

0 4©mEJS^S:lSl±^-&S^i:(CJ;t)> iffi^flB^ 1 
2>o 

[0 0 12] 

fififBSCtta'f s/f->^*?l 0 2(C^ftS HU4 >S 
I ptf'J^ <^3t»©©> 3© P<& 0 

£l-£Ci;(iT*£&^fc©> g^?Sf^-C-*)$.5gJt©m 
8S#«ft4. Z<Dtztb, @ft<SfB#T-feoT*j, 24 ff" 
>^!St-?l 0 2t24 »f->yCJ:*aJtei«f5feU ft 

^g<3S?>gc:©24 y^y-rm^-io 2iz&ttzm 

^©i!l^-4 s *t<'&2>o ^©igSs *«WMsjW6T"f 5 
©t-, ^©^B#©^S*{bS:Elft*''^i:<'^F c gM ! & 

3« [0013] *$gB£fciu Hul3©P>aM*«?^b. igft<SfB# 
CD^4ff-V^H**»e»UTtB»***IWIIU ^3 
y^i^S24 yf->^«»t:*tt4eftfflfW©«*»* 
*|ql±-e * 5 <fc 5 lc1"3 3 £ ft 1 Will-So 
[0 0 14] 

[ssftPft-rsfc^©*©] B5iB©ewft^)cr2>fe 

ft, *^{±, 24 y?>?nW&&*. B^SE^tB 

^ is t «t t> ^ fts.o$ij m t #s t x 4b£ * ft s 

K$W£!&©®®€E£g^T, 24ff->^St 

40 [0 0 1 5] ^tiSHO^^ »f> 

^««KBtt, ^l©iiSlESEftSltS24 v=f-y>T* 

24ff->y*S*»&OHl*ffl^ft*^ 
gSitmEft^^ 1 ©iS^«IE©^fl<fc D */h*V^JB 2 

©ggiSEn^gsLTai^-rssE^si^iat, 24 ? 

E©SEfift^tBb, ttmbfctttB«^ftlSI»*SC:# 

jf-rsm^sE^m^iai:, -^©mffiA s tn*«E^tii 

*S©tB*flHK:«l**ft% ^©^81^24 

«©m*ftit8Ei**fts w»*«©«»«Eft4ri6"r* 
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w-s-ctt^fiaJtwur^-f v^-vffi^fflfttffjt 

U €©mE©fi£* s TI!Sffi<fc ») */h*^Ja^t:tt«fSa 
C L T * * * * > *«9©H1 ft * 4 lift ffftlU 

i o o 1 6 ] m i ©* < * * y &zt, m 

IP **&©*»»£©»*« .tIRffi* 5 t»A*i*«fct:tt* 
ffiastttb-CvW yf-^ffl^ffltHftfctfJtU 

i:^LT^^-y5 : > ft BB*&-r 4 lift fftttB 

0>bT, SM©tflft*ETfc49li2©it«t«E#±&-r 
4h, t£!g2©iI^®E©SEfoa£&fcB-r4ajftmE& 

J: 5, «W^H!©«WttE* , -t#b, ffl»#8©Hftfflr 

[0 0 17] *J5WtfiR4*2©^-f ?»f->^«*SE 
tt, AftJg?fc:£l©it8tmE££{*4;*4' yf->9* 
*4 v+>yWft-1>*>v>W3W%1t9»* *1© 
SilEftEE&tft$ 1 ©ittfitltECS&ttffi.fc t) fc'-hS^II 2 

?-V?m : f-V>%)ft*U®1r-Z>UnM&h, fH 2 ©ilSlfli 
E©«E*fctWHU &ajbfe&ffi{f^&ftfflia?&£^ 
JBf*Hi»«E*a@»fc» Hfii#fcHftmE&ffi[e]S&© 

ai**n> M«iaKB©*«i«E*£js*sifii»iBfcB 
^cepjot 4*-r *^>?OTS£j«b , ttafti"s*ifi 

St, miimEi:gipmEi:©M*>e>fc4ISMSE{f^ 
tfttHIIS&i:, «a«Efi*i:ljklB«^i:*lt«U tttt 

IstrmmiMBVit.* g^aE{§^* s TRgmE<I<k D t) 
'h*^»£Ctt;U yf-^e^ffJWaBEatbT^-T 

MSEfl^AUiBg^EflJ: D fcfcS^a^rfctt:*'* 
^fi^JflPBRfcttbT** *?->^«^©aiftfcH 
»r*6ft?HftaS» i: bT ^ 5 . 
[0 0 18] *2©>i<f *»*>rnM&W£.Z&£* 6 

^^tttfgff^nsmatf^br, gB©Eft€E 
©«E***tH"r4m*r«E*aia»*»&iBi»0»c» 
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Eft^©mEfiii<STi-5. c©^&> enffffttbisiB 

-f «y5 L >^i^lfflllHlE&{cWb-C^-< 
**>ytt9©aftft#ihf 4fc©, 

c*B-ftffl*a«9t t) , «ftflri*©ifltt*ft*iwt.T? 

n [0019] $2o;*<f yf->?ttffeR£«ii-r, 
tB fttt»C 3& 1" 4 t * x 'J a ws & ft b 1 1 * 4 

SE©fi* s fS"FL-C, ii»fc:IRS«iHS*» &©»£«£© 
^©mEfit* ! ±#1"4o CCf, »a«E«^* I ±IE« 

» i:^i^i&^T•§4<.44A J ^ P.^SEfS^-* s ±PlSEfit 
^iBx 4 * f C t * 'J ->^fir *fttz t C t C «fc t) s 
^'T »^>^(l*ott*ff ±^H*fit^CI9:^1-4 z i: 

AST- §4. 

[0 0 2 0] *2©yW**->y*«R*£#^^ ft 
ft^tBllS&A s Tf!iSEXtt±m®E©ffiS:Pl^l3|§;^ 

•T4^aiSEoIi:¥© : &*bTl^4c:i:* s Sf* bVo - 

©^ *^S4M^jitr">^7 1 A©3itRK* J ti-14 0 
[0 0 2 1] »2©^-f ft] 
3« pi!K©S¥Sffi4 s ^'i' y^>^?©ttift^i:lRlS 

«-&tc^2©iiSiE«E*^ffi-r4c:fc* J ii?*b^ 0 -© 

ftfcJftD, tBftSEt:fe4^2©it^SE$:ii!ltJtC^J 
y5 1 >^?©aiftSS?il(S1^^4'^fe4fc^^)^ MIPBB 
idC44. 

[0 0 2 2] *2©^-f ff->^««*E«K:*V^-C, tiJ 

96 2 ©BJiimEfi©i&^xtt^* s 

g^i:44fe©, •JxTb=¥it'-^©<fc3t:^v%-^-r 

[0 0 2 3] ^2©*-f yf-y^i«8Iti3^t> !B 
2©ilSSSE©fiH4i s ft8ittT-fe4C:iiA 5 « : *b^o Cl 

^ U iz b t $> tt J6 T- § 4 <fc 5 H 4 4 . 

si [0 0 2 4] rnzvm yf-yyftimwzWi^x* % 
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l©a»E*ErofliJW3:lf 1 0 0 Vtt±"C*5, $2©iS 
^mE©E*Milf 2 5VWTT-fc4C4:#fi : £UUo C 

<T)J;-p{c-r2)i:> AnBET-feiB l©ii»t€E* s $ffl 

tlX Kh £ft 

[0 0 2 5 } $2©>U y*>*"«H«B£*il>-C, * 

m mmfm mmz'Mmm&^m turn®® 
m mm 3 > ^ > tf©sa ««© a *j m -t- ^affiMW ? t 

fc* J: -5 1 — : 30**l*A6iR _L(c$6«fb * ftT JfM£ ft 
^B ; f 1 2iU r tli | ISltalfS & 1 5=- f 7<tX # 4 gt5ffi.&8( 
<(Z£>b>M<bX-ZZo 

[0 0 2 6] 

[I6«©BB©J&B3 *B«©-*1W&BC"3^TIHH 

[0 0 2 7] aitt^B^CD-HflgSJitl^S^'f f^" 
^BBBBfflBBW&BBBlSS^LT^*. ® Uc 

r>1-«tdt:, **MH&»c«S^'f 
14, iAftig? 1 1 tWJOSftaiEttttcBiroSBB 
ET-fc4A*jmEVin£, NS^7-M0 S F E T*»6 
vf-V^B^l 2&lF«E«ft@»l 3tl4 t) 
j?r£©«EB©B 2 ©ilSfcftET- fe 5 ffl*€E VoCS 

a©* w » f - > vnM£.w.x h s . 

[0 0 2 8] ±A^j4S?l lo^'f i^Hi i: o - 1*" 1 * 
;H8I t © M Ctt A£ BE V i n £ JpHMbr 5 ¥B 3 > 5 s > 

•y- 1 otfawsn-c^s. itua*? 1 4©>w 

ft, ttftB 1 5£ttft«B»I o#»ft5. 
[0 0 2 9] 7f>^Itili, 

B^ 1 2©tH*B?"C*SV-^i:, HJ^mE^tBtHlK 
1 6©a»Bi:©IIBtMWfc«»**ifcllW®iSBBB 
ny^y-y-l 7C4S£fi££ft5^?®^EVcK4-3T 
|&i&£ft4$iJ$E)8&l 8£tb-t*5t>> 
?12I4, fflfflBBl 8>6tii^^ti?)$iJ»if-Vgt 
4T3Tf&OT£ft5. -ffcfc*>, ^-f-vf>^?12© 
V— afclMBBBl 8 t<Dg&MtiLlzmW,Gl.£teZ>tz 
©, >W y^>^B? 1 2J±m^SEVctJ;^T:^S 
fttft]Sl£ft4;i£:£ft4o tfc, Z.©BBSEVctt 

BB-rsBrtt?**. 
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RB 1 ©*^ *- H 1 3 1 ©BS fciajaB? 1 4 ©a 
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